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MOTOR DRIVE DEVICE AND ELECTRIC 
APPARATUS USING THE SAME 

This application is based on Japanese Patent Application 
No. 2007-055821 ?led on Mar. 6, 2007, the contents of Which 
are hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a motor drive device for 

controlling the driving of a motor, and to an electric apparatus 
using the same. 

2. Description of Related Art 
In a motor drive device for controlling the driving of a 

motor, in order to set the rotation speed of the motor to a 
desired value, a drive voltage applied to one end of a motor 
coil (and thus a drive current ?oWing through the motor coil) 
needs to be controlled to be a desired value. 

Accordingly, conventional motor drive devices have com 
monly adopted a con?guration in Which, as shoWn in FIG. 13, 
bipolar transistors Tr1 to Tr4 are used as sWitch elements in an 
H-bridge circuit, and that is provided With transistors Tra and 
Trb and constant current sources Ia and lb for controlling the 
base currents of upper-side transistors Tr1 and Tr2 according 
to a control voltage Vref externally applied as a drive voltage 
setting signal, thereby a drive voltage applied to one end of a 
motor coil L (and thus a drive current ?oWing through the 
motor coil L) being controlled to be a desired value (a so 
called dropper-type regulator con?guration). A control circuit 
CNT in FIG. 13 controls the on/off states of the transistors Tr1 
to Tr4 (i.e., the operation mode of the motor) according to the 
logics of externally fed operation mode control signals PIN 
and RIN (binary signals). 

In the motor drive device con?gured as described above, 
While the upper-side transistor Tr1 (Tr2) is kept on, a drive 
voltage (a voltage having approximately the same value as the 
control voltage Vref) obtained by raising the control voltage 
Vref only by the value of lVf of the transistor Tra (Trb) and 
then dropping the control voltage Vref only by the value of 
lVf of the transistor Tr1 (Tr2) is applied to the one end of the 
motor coil L. 
As other conventional arts related to the present invention, 

there have been disclosed and proposed: a motor drive control 
system in Which ?eld effect transistors are used as sWitch 
elements in an H-bridge circuit and gate voltages of the tran 
sistors are controlled by pulse Width modulation control 
(hereinafter referred to as PWM (pulse Width modulation) 
control) (see JP-B2-3665565 (hereinafter referred to as 
Patent Publication 1)); and an art in Which, With respect to a 
triangular Wave generating circuit that outputs the charge/ 
discharge voltage of a capacitor as a triangular Wave, the 
frequency of the triangular Wave is maintained at a predeter 
mined frequency by controlling such that the amplitude of the 
triangular Wave is reduced With reduction of the poWer supply 
voltage, and further, the value of a current for charging and 
discharging the capacitor is reduced according to this ampli 
tude (see JP-A-2002-223563 ?led by the applicant of the 
present application (hereinafter referred to as Patent Publica 
tion 2)). 

Conventionally, as means for maintaining the rotation 
speed of a DC brush motor at a desired value, bridge servos 
(see FIG. 14A) and proportional current servos (see FIG. 
14B) have been Widely used. 
As another conventional art related to the present inven 

tion, the applicant of the present invention has disclosed and 
proposed in JP-A-H06-245573 (hereinafter referred to as 
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2 
Patent Publication 3) an electronic-governor-type DC-motor 
control circuit including a resistor bridge for controlling a DC 
motor that drives an audio signal recording medium. This 
DC-motor control circuit includes a PWM-type control cir 
cuit that has a predetermined constant frequency Which is 
beyond the audible range and Whose pulse Width is modulated 
according to the rotation state of the DC motor detected by a 
resistor-bridge circuit including the resistor bridge, and this 
control circuit sWitches poWer supplied to the DC motor so as 
to control the rotation speed of the DC motor. 

It is true that, With a motor drive device having the conven 
tional con?guration shoWn in FIG. 13, it is possible to control 
the drive voltage applied to one end of a motor coil L (and thus 
the current voltage ?oWing through the motor coil L) to be a 
desired value according to a control voltage Vref, regardless 
of the poWer supply voltage Vcc, by appropriately generating 
the control voltage Vref by use of a resistive divider circuit or 
the like provided outside the device. 

HoWever, in the conventional motor drive device described 
above, for the purpose of maintaining proper operation of the 
transistor Tra (Trb), the control voltage Vref can be set, at the 
highest, to a voltage value given by subtracting the value of 
lVf of the transistor Tra (Trb) from the poWer supply voltage 
Vcc (in practice, an even loWer voltage value determined With 
even the voltage drop occurring at a constant current source Ia 
(Ib) taken into consideration). As a result, the drive voltage 
that can be applied to one end of the motor coil L is loWer than 
the poWer supply voltage Vcc at least by the value of lVf of 
the transistor Tra (Trb), and this prevents an effective use of 
the poWer supply voltage range. 

In addition, in the conventional motor drive device 
described above, since the bipolar transistors Tr1 to Tr4 are 
used as the sWitch elements of the H-bridge circuit, the 
response of the sWitch elements to on/off control is not nec 
essarily fast. 

Patent Publication 1 discloses nothing more than an art in 
Which the operation mode of a motor is selectively set by 
PWM driving the sWitch elements of an H-bridge circuit 
according to a drive current ?oWing through a motor coil, and 
does not disclose anything With respect to an art in Which the 
drive voltage applied to one end of a motor coil is set to a 
desired value according to an externally applied control volt 
age. 
The conventional art of Patent Publication 2 relates to a 

sWitching regulator that is PWM-driven by use of a triangular 
Wave generated by a triangular Wave generating circuit, and 
its main object is limited to providing a sWitching regulator 
that is capable of securely performing PWM driving accord 
ing to variation in the output voltage by preventing PWM 
driving capability from deteriorating even When the poWer 
supply voltage is loWered and ensuring a predetermined duty 
ratio even When the poWer supply voltage is loWered. There 
fore, the conventional art of Patent Publication 2 hardly helps 
to solve the above described problems. 
As to conventional arts for maintaining the rotation speed 

of a DC brush motor at a desired value, the bridge servo and 
the proportional current servo shoWn in FIGS. 14a and 14B, 
respectively, monitor the terminal voltage of a motor M (and 
thus the back electromotive voltage E B EMF generated in pro 
portion to the rotation speed of the motor M), and control a 
poWer supply voltage Vcc or a motor current I M such that the 
terminal voltage of the motor M is equal to a predetermined 
control voltage Vref. The bridge servo and the proportional 
current servo make it possible to maintain the rotation speed 
of the motor M at a desired value With a simple con?guration, 
but on the other hand, they generate an inconveniently large 
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amount of heat or consume an inconveniently large amount of 
power When the motor M is driven With a large current. 

With the conventional art of Patent Publication 3, it is 
possible to substantially reduce poWer consumption by using 
a sWitching regulator to control the poWer supply voltage Vcc. 
However, With the conventional art of Patent Publication 3, an 
expensive coil is required as one of its circuit elements, and 
moreover, the rotation speed cannot necessarily be set easily. 

The bridge servo and the proportional current servo shoWn 
in FIGS. 14A and 14B, respectively, are designed on condi 
tion that one end of the motor M is connected to a poWer 
supply line, and a couple of the above mentioned servos need 
to be provided in order to freely sWitch the rotation of the 
motor M betWeen the forWard and reverse rotations. This 
causes increase in circuit siZe and in cost. 

SUMMARY OF THE INVENTION 

In vieW of the above mentioned inconveniences, an object 
of the present invention is to provide a motor drive device that 
is capable of variably controlling a drive voltage applied to 
one end of a motor coil easily and in a Wide range, and 
furthermore, capable of maintaining the drive voltage at a 
desired value, and an electric apparatus using the same. 

To achieve the above object, according to the present inven 
tion, a motor drive device includes: an output circuit provided 
With a sWitch element connected to a motor; a PWM signal 
generating circuit for generating a PWM signal having a duty 
corresponding to a ratio betWeen a poWer supply voltage 
applied to the motor and a predetermined control voltage; a 
control circuit for performing on/off control of the sWitch 
element according to the PWM signal; and a control voltage 
generating circuit for monitoring a motor current ?oWing 
through the motor, and generating the control voltage such 
that a back electromotive voltage of the motor is maintained 
at a desired value. 

Other features, elements, steps, advantages and character 
istics of the present invention Will become more apparent 
from the folloWing detailed description of preferred embodi 
ments thereof With reference to the attached draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram shoWing a ?rst embodiment of an 
electric apparatus provided With a motor drive device of the 
present invention; 

FIG. 2 is a block diagram shoWing an example of the 
con?guration of an oscillator OSC; 

FIG. 3 is a Waveform chart shoWing an example of the 
operation of the oscillator OSC; 

FIG. 4 is a diagram for illustrating operation of generating 
gate signals according to operation mode control signals PIN 
and RIN; 

FIGS. 5A, 5B, 5C, and 5D are diagrams for illustrating 
drive current paths in different operation modes (i.e., forWard 
rotation, reverse rotation, brake, and idle-running modes, 
respectively); 

FIG. 6 is a circuit diagram shoWing a modi?ed example of 
a PWM signal generating circuit 23; 

FIGS. 7A and 7B are circuit diagrams each shoWing a 
modi?ed example of an H-bridge circuit 21; 

FIG. 8 is a block diagram shoWing a modi?ed example of 
the oscillator OSC; 

FIG. 9 is a Waveform chart shoWing an example of the 
operation of the oscillator OSC; 
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4 
FIG. 10 is a block diagram shoWing a second embodiment 

of the electric apparatus provided With the motor drive device 
of the present invention; 

FIG. 11 is a circuit diagram equivalently shoWing a DC 
brush motor; 

FIG. 12 is a block diagram shoWing a modi?ed example of 
the second embodiment; 

FIG. 13 is a circuit diagram shoWing a conventional 
example of a motor drive device; and 

FIGS. 14A and 14B are circuit diagrams shoWing a con 
ventional example of a bridge servo and a conventional 
example of a proportional current servo, respectively. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

FIG. 1 is a block diagram (partly including circuit ele 
ments) shoWing a ?rst embodiment of an electric apparatus 
provided With a motor drive device of the present invention. 
As shoWn in the ?gure, the electric apparatus of this 

embodiment includes a motor 1 and a motor drive device 2 for 
controlling the driving of the motor 1. 
The motor 1 is a single-phase DC brush motor that rotates 

in a direction corresponding to a current passed through a 
motor coil L, and the operation mode of the motor 1 is 
sWitched among four different operation modes (i.e., forWard 
rotation, reverse rotation, brake, and idle-running modes) by 
the motor drive device 2. 

Examples of the mechanism used in electric apparatuses 
provided With the above-described reversible motor 1 are a 
tray opening-closing mechanism of a tray-type CD player, a 
video cassette ejecting mechanism of a video deck, an auto 
matic paper-cutting mechanism of a printer, a focusing 
mechanism of a camera, and a louver opening/clo sing mecha 
nism of an air conditioner, and thus the reversible motor 1 has 
a very Wide range of application. 
The motor drive device 2 includes an H-bridge circuit 21, a 

control circuit 22, and a PWM signal generating circuit 23. 
The H-bridge circuit 21 includes four sWitch elements 

(P-channel ?eld effect transistors QH1 and QH2, and N-chan 
nel ?eld effect transistors QL1 and QL2) connected in an 
H-bridge con?guration With respect to a motor coil L (a 
reactance load) provided in the motor 1. 
A speci?c description Will noW be given of the internal 

con?guration of the H-bridge circuit 21. 
The sources of the transistors QH1 and QH2 functioning as 

upper-side sWitch elements are both connected to a poWer 
supply input terminal to Which a poWer supply voltage Vcc is 
applied. The sources of the transistors QL1 and QL2 func 
tioning as loWer-side sWitch elements are both connected to a 
ground terminal. The drains of the transistors QH1 and QL1 
are connected to each other, and their connection node is 
connected to a ?rst output terminal to Which one end of the 
motor coil L is connected. The drains of the transistors QH2 
and QL2 are connected to each other, and their connection 
node is connected to a second output terminal to Which the 
other end of the motor coil L is connected. The gates of the 
transistors QH1, QH2, QL1, and QL2 are each connected to a 
gate signal output terminal of the control circuit 22. 
As shoWn in FIG. 1, to the transistors QH1, QH2, QL1, and 

QL2, diodes DH1, DH2, DL1, and DL2 are connected in 
parallel in the direction shoWn in the ?gure, respectively, and 
function as back electromotive force absorbing elements for 
the motor coil L. In the case Where the transistors QH1, QH2, 
QL1, and QL2 are each accompanied by a parasitic diode, the 
parasitic diodes may be used as the back electromotive force 
absorbing elements. 
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The control circuit 22 mainly controls the transistors QH1, 
QH2, QL1, and QL2; it selects a transistor to be turned on 
according to the operation mode control signals PIN and RIN 
fed from outside the device, and also generates, for the pur 
pose of controlling the on-duty of the selected transistor 
according to a PWM signal fed from the PWM signal gener 
ating circuit 23, gate signals of the transistors QH1, QH2, 
QL1, and QL2 according to the operation mode control sig 
nals PIN and RIN and the PWM signal (i.e., the control circuit 
22 includes a section functioning as a driver or a predriver). A 
detailed description Will be given later of the speci?c opera 
tion of the control circuit 22. 

The PWM signal generating circuit 23 generates a PWM 
signal having a duty corresponding to the ratio betWeen the 
poWer supply voltage Vcc applied to one or the other end of 
the motor coil L via the H-bridge circuit 21 and a control 
voltage Vref fed from outside the device. 
A speci?c description Will noW be given of the inner con 

?guration of the PWM signal generating circuit 23. 
As shoWn in FIG. 1, the PWM signal generating circuit 23 

includes resistors R1 to R4, an impedance converter ADJ, a 
direct current voltage source E1, an oscillator OSC, and a 
PWM comparator PCMP. 

The resistors R1 and R2 are connected in series to each 
other betWeen a poWer supply input terminal and a ground 
terminal, and their connection node is connected to one input 
terminal (an upper limit value setting terminal) of the oscil 
lator OSC. The resistance ratio betWeen the resistors R1 and 
R2 is m:n. The resistors R1 and R2 function as a ?rst voltage 
divider for dividing the poWer supply voltage Vcc in a prede 
termined ratio (X(:I1/(II1+I1)) to generate a ?rst division voltage 
VH(:0t><Vcc). 

The direct current voltage source E1 generates a predeter 
mined reference voltage VL. A positive terminal of the direct 
current voltage source E1 is connected to the other input 
terminal (a loWer limit value setting terminal) of the oscillator 
OSC, and a negative terminal of the direct current voltage 
source E1 is connected to a ground terminal. 
The oscillator OSC generates an oscillation voltage Vosc 

having a constant oscillation frequency and a saWtooth or a 
triangular Waveform Whose amplitude varies according to the 
?rst division voltage VH, and the output terminal of the oscil 
lator OSC is connected to an inverting input terminal (—) of 
the PWM comparator PCMP. A detailed description Will later 
be given of the speci?c con?guration and operation of the 
oscillator OSC. 

The resistors R3 and R4 are connected to each other in 
series betWeen a terminal to Which the control voltage Vref is 
inputted (control voltage input terminal) and a ground termi 
nal via the impedance converter AD], and their connection 
node is connected to a non-inverting input terminal (+) of the 
PWM comparator PCMP. The resistance ratio betWeen the 
resistors R3 and R4 is m:n. The resistors R3 and R4 function 
as a second voltage divider for dividing the control voltage 
Vref in a predetermined ratio 0t(:n/(m+n)) to generate a sec 
ond division voltage VR (:otxVref). 

The impedance converter ADJ matches the impedance 
betWeen the input and output thereof, functioning as a buffer. 

The PWM comparator PCMP is a comparator Whose out 
put logic changes according to Which of the second division 
voltage VR and the oscillation voltage Vosc is higher, and an 
output signal of the PWM comparator PCMP is fed as a PWM 
signal to the control circuit 22. The PWM signal is a binary 
signal that is high level When the second division voltage VR 
is higher than the oscillation voltage Vosc, and that is loW 
level When the second division voltage VR is loWer than the 
oscillation voltage Vosc. 
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6 
Next, a detailed description Will be given of the speci?c 

con?guration and operation of the above-described oscillator 
OSC, With reference to FIGS. 2 and 3. 

FIG. 2 is a block diagram (partly including circuit ele 
ments) shoWing an example of the con?guration of the oscil 
lator OSC, and FIG. 3 is a Waveform chart shoWing an 
example of the operation of the oscillator OSC. 

Solid lines marked With ‘Vosc’ in the upper part of FIG. 3 
shoW the behavior of the oscillation voltage Vosc in the case 
Where a voltage Va is fed as the ?rst division voltage VH, and 
broken lines marked With ‘Vosc” in the upper part of FIG. 3 
shoW the behavior of the oscillation voltage Vosc in the case 
Where a voltage Vb (>Va) is fed as the ?rst division voltage 
VH. In the loWer part of FIG. 3, PWM signals generated in the 
above cases are marked With ‘PWM’ and ‘PWM”, respec 
tively. 
As shoWn in FIG. 2, the oscillator OSC of this embodiment 

includes a capacitor C1, a voltage/current converter VIC, a 
variable current source I1, a ?rst comparator CMP1, a second 
comparator CMP2, an RS ?ip-?op FF, and an N-channel ?eld 
effect transistor N1. 
One terminal of the capacitor C1 is connected to an output 

terminal of the variable current source I1, and is also con 
nected as an output terminal of the oscillator OSC to an 
inverting input terminal (—) of the PWM comparator PCMP. 
That is, in the oscillator OSC of this embodiment, the terminal 
voltage of the capacitor C1 is derived as the oscillation volt 
age Vosc. The other terminal of the capacitor C1 is grounded. 
The voltage/ current converter VIC and the variable current 

source I1 supply the capacitor C1 With a charge current ‘i’ that 
is in proportion to the ?rst division voltage VH. 
The output logic of the ?rst comparator CMP1 changes 

according to Which of the ?rst division voltage VH and the 
terminal voltage of the capacitor C1 (the oscillation voltage 
Vosc) is higher. The output signal of the ?rst comparator 
CMP1 is a binary signal that is high level When the ?rst 
division voltage VH is higher than the terminal voltage of the 
capacitor C1, and that is loW level When the ?rst division 
voltage VH is loWer than the terminal voltage of the capacitor 
C1. 
The second comparator CMP2 is a comparator Whose out 

put logic changes according to Which of the terminal voltage 
of the capacitor C1 (the oscillation voltage Vosc) and the 
predetermined reference voltage VL is higher. The output 
signal of the second comparator CMP2 is a binary signal that 
is high level When the terminal voltage of the capacitor C1 is 
higher than the predetermined reference voltage VL, and that 
is loW level When the terminal voltage of the capacitor C1 is 
loWer than the predetermined reference voltage VL. 
The RS ?ip-?op FF outputs, from its output terminal (Q), 

the gate signal of the transistor N1 according to the output 
signal of the ?rst comparator CMP1 fed to its inverting-set 
terminal (SB) and the output signal of the second comparator 
CMP2 fed to its inverting-reset terminal (RB). More speci? 
cally, the output logic of the RS ?ip-?op FF continues to 
change such that it becomes high level When the oscillation 
voltage Vosc reaches the ?rst division voltage VH, and then, 
When the oscillation voltage Vosc reaches the reference volt 
age VL, it returns to loW level. 
The transistor N1 is connected betWeen one end of the 

capacitor C1 and a ground terminal, and functions as a dis 
charge sWitch that is on/off controlled according to the output 
signal of the RS ?ip-?op FF. More speci?cally, the on/off 
state of the transistor N1 continues to change such that the 
transistor N1 is turned on When the oscillation voltage Vosc 
reaches the level of the ?rst division voltage VH, and then 
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When the oscillation voltage Vosc reaches the level of the 
reference voltage VL, it is turned off. 

Through the charge/discharge control described above, as 
shoWn in the upper part of FIG. 3, the upper limit value of the 
oscillation voltage Vosc is variably set according to the ?rst 
division voltage VH, and the loWer limit value of the oscilla 
tion voltageVosc is ?xedly set according to the predetermined 
reference voltage VL. 
As mentioned above, the current value of the charge cur 

rent ‘i’ of the capacitor C1 (the charging speed of the capacitor 
C1) is increased or decreased in proportion to the ?rst division 
voltage VH. More speci?cally, With the oscillator OSC of this 
embodiment, the higher the ?rst division voltage VH (and 
thus the poWer supply voltage Vcc) is, the higher the charging 
speed of the capacitor C1 is; and the loWer the ?rst division 
voltage VH is, the loWer the charging speed of the capacitor 
C1 is. 

Through the charge current control described above, the 
oscillation cycle (the oscillation frequency) of the oscillator 
OSC is kept constant regardless of the ?rst division voltage 
VH (and thus the poWer supply voltage Vcc). 
As already mentioned, in the PWM signal generating cir 

cuit 23 of this embodiment, the voltage division ratios of the 
?rst and second voltage dividers are set to the same value 

(0t:n/(m+n)). 
Therefore, at the PWM comparator PCMP, by comparing 

the second division voltage VR and the oscillation voltage 
Vosc, a PWM signal having a duty corresponding to the ratio 
betWeen the ?rst division voltage VH (the poWer supply volt 
age Vcc) and the second division voltage VR (the control 
voltage Vref) is obtained, and thus the drive voltage applied to 
the one end of the motor coil L (the effective value of the drive 
voltage applied based on the PWM control) can be variably 
controlled easily and in a Wide range according to the control 
voltage Vref freely set by the user (see the loWer part of FIG. 
3). 

In generating the control voltage Vref, correlation With the 
poWer supply voltage Vcc (in other Words, the duty of the 
PWM signal) does not need to be taken into particular con 
sideration, and a voltage having the same value as the drive 
voltage to be applied to the one end of the motor coil L may be 
generated as necessary by use of a resistance divider circuit or 
the like provided outside the device. 

For example, in the case Where the drive voltage that should 
be applied to the one end of the motor coil is 3 V, a voltage of 
3 V, as is desired, may be applied as the control voltage Vref, 
Whether the poWer supply voltage Vcc is 5 V or 12 V. 

In the case Where the poWer supply voltage Vcc itself 
should be applied to the one end of the motor coil L, the 
control voltage input terminal may be short-circuited to the 
poWer supply input terminal. 

Next, a detailed description Will be given of the H-bridge 
circuit 21 control operation by the control circuit 22, With 
reference to FIG. 4 and FIGS. 5A to 5D. 

FIG. 4 is a diagram for illustrating gate-signal generating 
operation according to the operation mode control signals 
PIN and RIN, and FIGS. 5A to 5D are diagrams for illustrat 
ing drive current paths in different operation modes (i.e., 
forWard rotation, reverse rotation, brake, and idle-running 
modes). 

In FIG. 4, at the left end side thereof, the symbols ‘PIN’ and 
‘RIN’ denote the logic states of the operation mode control 
signals PIN and RIN fed from outside the device, respec 
tively, and the symbols ‘QH1’, ‘QH2’, ‘QL1’, and ‘QL2’ 
denote the gate-signal logic states of the transistors QH1, 
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8 
QH2, QL1, and QL2 provided in the H-bridge circuit 21, 
respectively. The symbol ‘MODE’ denotes the operation 
mode of the motor 1. 

In the case Where the operation mode control signal FIN is 
high level and the operation mode control signal RIN is loW 
level, the control circuit 22 generates the gate signals of the 
transistors such that the transistors QH1 and QL2 are turned 
on and the transistors QH2 and QL1 are turned off to sWitch 
the operation mode of the motor 1 to the ‘forWard rotation 
mode’. The gate signals being generated in this Way, a drive 
current is passed via the H-bridge circuit 21 through the motor 
coil L provided in the motor 1 along the path shoWn in FIG. 
5A, and thus the motor 1 is driven to rotate forWard. 
On the other hand, in the case Where the operation mode 

control signal FIN is loW level and the operation mode control 
signal RIN is high level, the control circuit 22 generates the 
gate signals of the transistors such that the transistors QH2 
and QL1 are turned on and the transistors QH1 and QL2 are 
turned off to sWitch the operation mode of the motor 1 to the 
‘reverse rotation mode’. The gate signals being generated in 
this Way, a drive current is passed via the H-bridge circuit 21 
through the motor coil L provided in the motor 1 along the 
path shoWn in FIG. 5B, and thus the motor 1 is driven to rotate 
reversely. 

In the cases Where the tWo operation modes described 
above are selected, the on duties of the upper-side transistors 
QH1 and QH2 are controlled according to the PWM signal 
fed from the PWM signal generating circuit 23. With such 
PWM driving, the drive current is repeatedly charged into and 
discharged from the motor coil L, and thereby the drive volt 
age is controlled. 

Therefore, With the motor drive device of this embodiment, 
it is possible, regardless of the poWer supply voltage Vcc, to 
control the drive voltage applied to the one end of the motor 
coil L (and thus the drive current ?oWing through the motor 
coil L) to be a desired value according to the control voltage 
Vref set by the user. 

In the case Where the operation mode control signals PIN 
and RIN are both high level, the control circuit 22 generates 
the gate signals of the transistors such that the transistors QL1 
and QL2 are turned on and the transistors QH1 and QH2 are 
turned off to sWitch the operation mode of the motor 1 to the 
‘brake mode’. The gate signals being generated in this Way, a 
drive current is diverted from the motor coil L provided in the 
motor 1 via the H-bridge circuit 21 to a ground terminal along 
the path shoWn in FIG. 5C, and thus the motor 1 is braked. 

In the case Where the operation mode control signals PIN 
and RIN are both loW level, the control circuit 22 generates 
the gate signals of the transistors such that the transistors 
QH1, QH2, QL1, and QL2 are all turned off to sWitch the 
operation mode of the motor 1 to the ‘idle-running mode’. 
The gate signals being generated in this Way, a current ?oWs, 
according to the back electromotive force of the motor coil L 
provided in the motor 1, through the H-bridge circuit 21 along 
the path shoWn in FIG. 5D, and thus the motor 1 is driven to 
run idle. 

As mentioned above, With the motor drive device of this 
embodiment, the drive voltage applied to the one end of the 
motor coil L (and thus the drive current ?oWing through the 
motor coil L) can be variably controlled easily and in a Wide 
range according to the externally fed control voltage Vref, 
and thus an effective use can be made of the poWer supply 
voltage range of the device. 

Furthermore, With the con?guration in Which the drive 
voltage applied to the one end of the motor coil L is controlled 
to be a desired value by PWM driving the sWitch elements of 
the H-bridge circuit 21, a regenerative current from the motor 
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1 can be made use of in an off period of the PWM control, and 
thus it is possible to shut doWn the poWer supply during the off 
period to make the device poWer-saving. 

Moreover, With the motor drive device of this embodiment, 
in Which ?eld effect transistors are used as the sWitch ele 
ments of the H-bridge circuit 21, the response of the sWitch 
elements to on/off control can be enhanced than in the con 
ventional con?guration in Which bipolar transistors are used. 
It is possible, hoWever, to exploit the above described advan 
tages of the present invention even if bipolar transistors are 
used as the sWitch elements, and thus, use of ?eld effect 
transistors is not alWays essential to practicing the present 
invention. 

The ?rst embodiment described above deals With a con 
?guration in Which a single-phase DC motor is provided and 
driven, but this is not meant to limit the con?guration of the 
?rst embodiment in any manner, and the present invention can 
be Widely applied to motor drive devices for driving other 
types of motors (e.g. voice-coil motors and stepping motors). 

The present invention may be carried out in any manner 
other than speci?cally described above as an embodiment, 
and many modi?cations and variations are possible Within the 
scope and spirit of the present invention. 

For example, although the embodiment described above 
deals With a con?guration in Which the upper-side transistors 
QHl and QH2, among all the sWitch elements provided in the 
H-bridge circuit 21, are PWM driven, but this is not meant to 
limit the con?guration of the present invention in any manner, 
and the loWer-side transistors QLl and QL2 may be PWM 
driven. 

The embodiment described above deals With a con?gura 
tion in Which, at the PWM signal generating circuit 23, the 
poWer supply voltage Vcc and the control voltage Vref are 
each divided and thereby the ?rst division voltage VH and the 
second division voltage VR are generated, respectively, and 
the PWM signal is generated by use of these division volt 
ages; but this is not meant to limit the con?guration of the 
present invention in any manner. As long as the PWM com 
parator PCMP is used that is capable of operating at full sWing 
betWeen a poWer supply and a GND, instead of using the ?rst 
division voltage VH and the second division voltage VR, the 
poWer supply voltage Vcc and the control voltage Vref may be 
used as they are as shoWn in FIG. 6. The impedance converter 
ADJ shoWn in FIG. 1 is not an essential component but may 
be omitted as shoWn in FIG. 6. 

The embodiment described above deals With a con?gura 
tion in Which the P-channel ?eld effect transistors QHl and 
QH2 are used as the upper-side sWitch elements in the 
H-bridge circuit 21, but this is not meant to limit the con?gu 
ration of the present invention in any manner, and as shoWn in 
FIGS. 7A and 7B, N-channel ?eld effect transistors QHl‘ and 
QH2‘ may be used as the upper-side sWitch elements. In this 
case, as shoWn in FIG. 7A, a charge pump circuit 24 for 
stepping up the poWer supply voltage Vcc may be used to 
generate the gate voltages of the transistors QHl‘ and QH2‘, 
or, as shoWn in FIG. 7B, a bootstrap output stage 2211 for 
bootstrapping the gate voltages of the transistors QHl‘ and 
QH2‘ With respect to their source voltages by using diodes D1‘ 
and D2‘ and capacitors C1‘ and C2‘ may be used. 

The embodiment described above deals With a con?gura 
tion in Which the oscillation voltage Vosc is generated as 
desired in an analog fashion at the oscillation circuit OSC, but 
this is not meant to limit the con?guration of the present 
invention in any manner, and the oscillation voltage Vosc may 
be generated in a digital fashion. 
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FIG. 8 is a block diagram shoWing a modi?ed example of 

the oscillator OSC, and FIG. 9 is a Waveform chart shoWing 
an example of the operation of the oscillator OSC. 

Solid lines marked With ‘Vosc’ in the upper part of FIG. 9 
shoW the behavior of the oscillation voltage Vosc in the case 
Where a voltage Va is inputted as the ?rst division voltage VH, 
and broken lines marked With ‘Vosc” in the upper part of FIG. 
9 shoW the behavior of the oscillation voltage Vosc in the case 
Where the voltage Vb (>Va) is inputted as the ?rst division 
voltage VH. In the loWer part of FIG. 9, the PWM signals 
generated in the above cases are marked With ‘PWM’ and 
‘PWM”, respectively. 
As shoWn in FIG. 8, the oscillator OSC of this modi?ed 

example includes a free-running counter CT for counting a 
clock signal CLK and an n-bit digital/analog converter DAC 
(e.g., a 6-bit R-2R circuit) for converting the value counted by 
the counter CT into an analog voltage, and the oscillator OSC 
feeds the output of the digital/analog converter DAC as the 
oscillation voltage Vosc to the folloWing PWM comparator 
PCMP. 

To the digital/ analog converter DAC, the ?rst division volt 
age VH is applied as a positive poWer supply voltage (corre 
sponding to an upper-limit-setting voltage of the oscillation 
voltage Vosc), and as a negative poWer supply voltage (cor 
responding to a loWer-limit-setting voltage of the oscillation 
voltage Vosc), the reference voltage VL is applied. 
When the counter CT counts, the oscillation voltage Vosc 

generated at the oscillator OSC con?gured as described above 
is stepped up in ‘n’ steps from the level of the reference 
voltage VL to the level of the ?rst division voltage VH, and 
then, next time the counter CT counts, the oscillation voltage 
Vosc is pulled doWn back to the level of the reference voltage 
VL. This state change is repeated, giving the oscillation volt 
age Vosc a saWtooth Waveform. 

That is, the upper limit value of the oscillation voltage Vosc 
is variably set according to the ?rst division voltage VH, and 
the loWer limit value of the oscillation voltage Vosc is ?xedly 
set according to the predetermined reference voltage VL. As 
shoWn in the loWerpart of FIG. 9, being determined according 
to the oscillation frequency of the clock signal CLK and the 
bit resolution of the digital/ analog converter DAC, the oscil 
lation cycle (the oscillation frequency) of the oscillation volt 
age Vosc is maintained constant regardless of the ?rst division 
voltage VH (and thus the poWer supply voltage Vcc). 

Thus, With the oscillator OSC of this modi?ed example, it 
is possible to control the oscillation cycle of the oscillation 
voltage Vosc more easily and more accurately than With the 
one con?gured as shoWn in FIG. 2. In particular, in control 
ling the drivings of a plurality of motors, a con?guration in 
Which the clock signal CLK is externally fed makes it easy to 
synchronize the plurality of motors. 
Another possible con?guration is one in Which the PWM 

signal is generated by simply comparing the oscillation volt 
age Vosc having a predetermined amplitude regardless of the 
poWer supply voltage Vcc and the externally fed control volt 
age Vref, and the thus generated PWM signal is used to PWM 
drive the sWitch elements; hoWever, if this con?guration is 
adopted, the user himself/herself is required to calculate the 
duty of the PWM signal beforehand, taking into consideration 
the correlation betWeen the poWer supply voltage Vcc and a 
desired drive voltage, and then input the control voltage Vref 
according to the calculation result. In contrast, With the con 
?guration of the embodiment described above, the user has 
only to input the control voltage Vref having the same value as 
a desired drive voltage. Thus, in terms of reducing strain on 
the user, it is preferable to adopt the con?guration of the above 
described embodiment. 










